This paper reconstructs the flow directions and extent of glaciers on the western slopes of Mt. Tateyama (3,015m asl) in central Japan from distribution, materials, and facies of two glacial sediments and related deposits. The timing of the larger glacial expansion during the Last Glacial period is then discussed on the basis of their stratigraphic relationships with dated tephras such as K-Tz (95 to 90 ka), Tt-E (ca. 70 ka), and DKP (52 to 50 ka). The wider glacial extension occurred and deposited the Jodosawa Gravel during Murodo Stade 1(95 to 70 ka) in MIS 5b to 4 (marine oxygen isotope stage 5b to 4). In this substade, the glaciers extended from the non-volcanic Tateyama Main Ridge onto the flat surface of the pyroclastic flow deposits erupted from the Tateyama Volcano, and overflowed to the north from the basin. The glaciers eroded the pyroclastic flow deposits during Murodo Stade I, and extended to at least 2,300m asl. Between Murodo Stades I and II, the glaciers were forcefully melted by the pumice fall erupted from the Tateyama Volcano, and temporarily retreated upstream. During Murodo Stade 11 (70 to 50 ka) in MIS 4 to early MIS 3, the snout of glaciers readvanced to about 2,350 m asl, and deposited the Murodo Gravel. The glacial readvance was restored in size soon after the pumice fall had finished. et al. : Thouret et al. 1997 Owen et al. 1997; Richards et al. 2000; Iwasaki et al. 2000a) . The glacial fluctuations during MIS 4 and 5, however, have not been recon structed in detail yet. This is due to a lack of glacial landforms and sediments as a result of erosion, and because their ages are beyond the reach of radiocarbon dating. Thus, the timing of the most extensive glacial advance of the Last Glacial period is still uncertain (Gillespie and Molnar 1995). In the western Himalayas, though some glaciers expanded before the gla cial advances of MIS 3, their ages have not been clarified and have been tentatively correlated with MIS 4 or 5 (Owen et al. 1997 ). In the Hidaka Range of northern Japan, because the glacial expansion of MIS 5 was less extensive than that of MIS 3, the largest glacial advance was tentatively assigned to MIS 6 (Iwasaki et al. 2000b). Therefore, more detailed studies on the extent and timing of glacial expansion during the early stale of the Last Glacial period are still needed to understand the climate changes during the Last Glacial period.
Introduction
Alpine glaciers react to global climate changes so sensitively that reconstructions of their fluctuations in size have been used for understanding the past climate change (Giraudi and Frezzotti 1997) . Recent studies in the Hi malayas, Andes Mountains and in northern Ja pan argue that the glacial expansion during MIS 3 (marine oxygen isotope stage 3, Martin son et al. 1987) was larger than those during MIS 2 (Helmens et al. 1997 : Thouret et al. 1997 Owen et al. 1997; Richards et al. 2000; Iwasaki et al. 2000a) . The glacial fluctuations during MIS 4 and 5, however, have not been recon structed in detail yet. This is due to a lack of glacial landforms and sediments as a result of erosion, and because their ages are beyond the reach of radiocarbon dating. Thus, the timing of the most extensive glacial advance of the Last Glacial period is still uncertain (Gillespie and Molnar 1995) . In the western Himalayas, though some glaciers expanded before the gla cial advances of MIS 3, their ages have not been clarified and have been tentatively correlated with MIS 4 or 5 (Owen et al. 1997) . In the Hidaka Range of northern Japan, because the glacial expansion of MIS 5 was less extensive than that of MIS 3, the largest glacial advance was tentatively assigned to MIS 6 (Iwasaki et al. 2000b ). Therefore, more detailed studies on the extent and timing of glacial expansion during the early stale of the Last Glacial period are still needed to understand the climate changes during the Last Glacial period.
Two glacial sediments associated with the early stale of the Last Glacial period have been found on the west side of Mt. Tateyama (3,015 m asl) in central Japan, and their ages have been specified in detail (Fukai 1975; Kawasumi 2000) . The further study of these glacial sedi ments is expected to provide important infor mation on glacial extent during the early stale of the Last Glacial period in the Japanese Alps. This paper describes the distribution and facies during the Early Stade of the Last Glacial Peri od 219 of these glacial sediments and related deposits , examines the flow directions and extent of gla ciers, and defines the timing of the larger glacial expansion during the Last Glacial period on the basis of their stratigraphic relationships with dated volcanic ejecta.
Study Area and Previous Studies
No glaciers exist today in Japan , but glacial landforms and sediments of the Last Glacial period are preserved on several mountain ranges in northern and central Japan . Most of these glacial landforms suggest that only cir que and short valley glaciers occurred in Japan during the Last Glacial period . Relatively large glaciers, however, were formed on the Hida Range of central Japan near Japan Sea , which is the main source of moisture for the winter snow (lozawa 1979) .
Mt. Tateyama (3,015m asl) is located in the northwestern part of the Hida Range (Figure 1 ) . It consists of the nomvolcanic Tateyama Main  Ridge with some peaks such as Bessan (2 ,350m asl) and Jodosan (2,331m asl) , and of the Tateyama Volcano (over 2 ,600m asl), which is situated on the west side of the main ridge ( Figure 2) . One of the main divides, Dainichi Ridge, extends westward from Bessan Peak , and the Murodo-nokkoshi Saddle (about 2 ,360 m asl) is on this ridge between Bessan Peak and Mt. Okudainichidake (2 ,606m asl). The Tate yama Main Ridge and Dainichi Ridge are com posed mainly of diorite and granite (Harayama et al. 2000: 35-51) .
The Tateyama Volcano repeatedly erupted throughout the late Pleistocene , producing py roclastic materials and lava flows (Yamasaki et al. 1966) . The history of this volcano can be divided into four stages as follows: l) the strato volcano was made up of several lava flows , for example, the Zaimokuiwa; 2) the volcanic pla teaus were constructed from pyroclastic mate rials, named the Shomyodaki Pyroclastic Flows deposits; 3) the pumices correlated with the Tateyama E tephra (Tt-E) were produced; and 4) accessory tephras were discharged by phrea tomagmatic explosions and the explosive crater called the Jigokudani Crater was formed in the northeastern most part of the volcanic plateaus (Table 1) . The northern slopes of the Tateyama Volcano are dissected by shallow glacial val leys, which extend in the northern volcanic plateaus region (Kobayashi 1990) . Moraines are preserved on the plateaus, but the phreatomag matic explosions have deformed their shapes around the Jigokudani Crater (Kobayashi 1990 ). These moraines are composed of Mikuri gaike Gravel, which has been thought to accu mulate during the late stale of the Last Glacial period (Kobayashi 1990) . Two glacial cirques, called the Yamasaki Cir que and the Jodo Cirque, hang on the western flank of the Tateyama Main Ridge (Figure 2 ). Three distinct terminal moraines (I, II, and III, in ascending order) lie just below and within the Yamasaki Cirque at 2,350 to 2,705m asl ( Figure  3 ). These moraines are thought to be formed during the late stale of the Last Glacial period, named the Tateyama Stade (Fukai 1975) . The narrow NS-trending Saneyaa Hill, about 400 m long, 50 to 60m high, is located below the Yamasaki et al. (1966) , Fukai (1975) , Machida and Arai (1979) , Kobayashi (1990) and Kawasumi (2000) . Ages of tephras and wood chips are from Yoshii and Oritani (1987) , Nakamura et al. (1992) , Machida and Arai (1992) , Kimura (1996) , and Machida (1999) . (Fukai 1975; Machida and Ito 19969 Kawasumi 2000) . The glacial sediments of the earlier substade were previously identified by Kawasumi (2000) and were named the Tate yama Gravel. Here, I change the name of Tate yama Gravel to Jodosawa Gravel in order to avoid confusion between the Tateyama Gravel and the Tateyama Stade.
The Raichodai Gravel is the key bed that separates the Jodosawa Gravel from the Mu rodo Gravel in a stratigraphic section (Kawa sumi 2000). The Raichodai Gravel is the de posit of debris flow, which occurred when the glaciers on the western slopes of the Tateyama Main Ridge were forcefully melted by the fall of 857 pumices (Kawasumi 2000) . Thus, the Raichodai Gravel could be identified by the pumices, which were correlated with Tt-E on the basis of refractive indices (r=1.715 to 1.722) of ortho pyroxenes Arai 1979, 1992) . The age of Tt-E was estimated to be about 70 ka in the early to middle MIS 4 on the basis of its stratigraphic relationships with other dated tephras and pollen analysis (Kimura 1996) .
The Jodosawa Gravel was found only on the southern side of Saneyama Hill and on Raicho dai Hill (Machida and Ito 1996; Kawasumi 2000) , and its distribution
has not yet been traced in detail. Some glacial sediments were observed in the vicinity of the Murodo nokkoshi Saddle (Harayama et al. 2000: 152 -164 (Fukai 1975; Harayama et al. 2000: 152-164 Figure 3 ). On the other hand, below the Murodo-nokkoshi Saddle, the top sur face of the Shomyodaki Pyroclastic Flow De posits descends at 2,335m asl and is covered with the Jodosawa Gravel (Loc. 6 in Figure 3 ).
The Shomyodaki Pyroclastic Flow Deposits are also exposed at the base of Raichodai Hill (Figure 4 ). The deposits here also consist of andesitic clasts, scoria, pumices, and fine mate rials and exhibit subhorizontal banding. The top surface of the deposits is at 2,312 to 2,325m asl on the southeastern side of the hill and at 2,300m asl on the northwestern side of the hill, where this surface gently dips toward the northwest.
This top surface cuts the subhori zontal bands at a low angle and is covered with the Jodosawa Gravel.
The Jodosawa Gravel
The Jodosawa Gravel, which is the lower till of the Murodo Stade, is exposed on the southern side of Saneyama Hill and at Raichodai Hill. Glacial sediments in the vicinity of the Murodo nokkoshi Saddle were identified as Jodosawa Gravel, as mentioned below.
On the southern side of Saneyama Hill, the Jodosawa Gravel, more than 10m thick, is ex posed between 2,350 and 2,390m asl just below the Raichodai Gravel (Loc. 2 in Figure 5 ). It consists of overconsolidated sediments, com prising angular clasts (1 to 30cm in diameter) of the Shomyodaki Pyroclastic Flow Deposits, diorite clasts (3 to 30cm in diameter), and yel lowish gray clay. The uppermost part (about 1 m thick) of the Jodosawa Gravel includes a few pumices (1 to 2cm in diameter). The refractive indices (r) of orthopyroxenes in these pumices range from 1.714 to 1.720 (Table 2 ). Since the indices nearly coincide with those of Tt-E, the pumices may be correlated with Tt-E. Numer ous shear planes and low-angle joints traverse Gravel shows numerous shear planes, low-angle joints and a sub horizontal fissile structure.
The Raichodai Gravel exhibits parallel laminae dipping gently toward the north in the lowermost part. The compact Murodo Gravel uncon formably overlies the Raichodai Gravel. the Jodosawa Gravel, which shows a subhori zontal fissile structure ( Figure 6 ). Because these structures suggest subglacial overburden pres sure and shearing (Flint 1971: 148-155; Sugden and John 1976: 214-234; Benn and Evans 1998: 386-404) , the Jodosawa Gravel may be re garded as subglacial till.
At the Raichodai Hill, the Jodosawa Gravel lies, more than 3m thick, fragmentarily on the surface of the Shomyodaki Pyroclastic Flow Deposits, and underlies the Raichodai Gravel (Loc. 4 in Figure 5 ). It is compact sediment composed of angular clasts (5 to 40cm in di ameter) of the Shomyodaki Pyroclastic Flow Deposits, diorite clasts (around 10cm in diame ter), and yellowish gray clay matrix. This sedi ment shows brittle fracture features in the form of numerous low-angle shear planes and irregu lar joints.
Glacial sediment below the Murodo-nokkoshi Saddle overlies the Shomyodaki Pyroclastic Flow Deposits and underlies the Raichodai Gravel (Loc. 6 in Figure 5 ). On the basis of these stratigraphic relationships, this glacial sedi ment is identified as Jodosawa Gravel. Here, the Jodosawa Gravel, 7m thick, consists of compact yellowish gray clay, angular clasts (1 to 30cm in diameter) of diorite and granite, and clasts (5 to 40cm in diameter) of the Shomyodaki Pyro clastic Flow Deposits. High-angle cracks, 2 to 10cm wide, 1 to 3m long, reach downward from the lower part of the Jodosawa Gravel to the uppermost part of the Shomyodaki Pyro clastic Flow Deposits (Figure 7 ). These cracks Figure 5 ). Therefore, the sediment is identified as Jodosawa Gravel.
At 2,385m asl on the saddle, the overconsoli 
The Raichodai Gravel
The Raichodai Gravel, widely distributed, in cludes large clasts of diorite just below the Tateyama Main Ridge (Locs. 1 to 4), but com prises only fine materials along the Dainichi Ridge (Locs. 5 and 6).
At Raichodai Hill the Raichodai Gravel, more than 50m thick, overlies the Jodosawa Gravel and conformably underlies the Murodo Gravel (Loc. 4 in Figure 5 ). No buried soil or weathered layers lie between the Jodosawa Gravel and the Raichodai Gravel, and between the Raichodai Gravel and the Murodo Gravel. Here, the Rai chodai Gravel consists of a rhythmic alterna tion of matrix-supported gravel beds and fine material beds. The matrix-supported gravel beds largely comprise angular and rounded pumices (1 to 60cm in diameter), sand, angular clasts (10 to 160cm in diameter) of diorite, and scoria (5 to 30cm in diameter).
The fine material beds consist mainly of angular and rounded pumices (1 to 20cm in diameter), sand, silt, and fine diorite clasts. No buried soil or weathered layers exist between these alternat ing beds.
At the base of Moraine I below the Yamasaki Cirque, the Raichodai Gravel, 5m thick, is ex posed at 2,350 to 2,355m asl and is covered with the non-stratified Murodo Gravel (Loc. 1 in Figure 5 ). The Raichodai Gravel consists of stratified deposits dipping toward the north west at 17 to 19 degrees, and comprises angular and rounded pumices (2 to 15cm in diameter), angular clasts (1 to 20cm in diameter) of the Shomyodaki Pyroclastic Flow Deposits, diorite clasts (3 to 10cm in diameter), and sand.
On the southern side of Saneyama Hill, the Raichodai Gravel, 3 to 6m thick, lies on the Jodosawa Gravel and unconformably underlies the Murodo Gravel (Loc. 2 in Figure 5 ). The Raichodai Gravel here has a similar lithology to Loc. 1 but with different sized particles: angular and rounded pumices (1 to 20cm in diameter), angular clasts (1 to 5cm in diameter) of the Shomyodaki Pyroclastic Flow Deposits, and diorite clasts (20 to 60cm in diameter).
On the northern side of Saneyama Hill, the Raichodai Gravel, more than 20m thick, under lies the Murodo Gravel (Loc. 3 in Figure 5 ). This Raichodai Gravel consists of crudely stratified sediments, comprising angular and rounded pumices (1 to 30cm in diameter), angular clasts (1 to 40cm in diameter) of the Shomyodaki Pyroclastic Flow Deposits, and diorite clasts (10 to 60cm in diameter).
At Raichosawa Valley the Raichodai Gravel, 2 to 3m thick, lies on the flat surface of the Shomyodaki Pyroclastic Flow Deposits (Loc. 5 in Figure 5 ). This Raichodai Gravel consists of sand, angular and rounded pumices (1 to 5cm in diameter), and fine clasts of diorite and gran ite. The sand exhibits horizontal lamination throughout the deposit.
Below the Murodo-nokkoshi Saddle, the Rai chodai Gravel, 1 to 4m thick, overlies the Jo dosawa Gravel, and underlies the humus soil (Loc. 6 in Figure 5 ). This sediment mainly comprises sand, angular and rounded pumices (1 to 7cm in diameter), and fine clasts of diorite and granite. Coarse laminae of sand are found throughout the deposit.
The refractive indices (r) of orthopyroxenes in the pumices at these locations range from 1.713 to 1.722 (Table 2) . These values nearly coincide with those of Tt-E, and thus, the pum ices may be correlated with Tt-E erupted from the Tateyama Volcano.
The Raichodai Gravel includes a large amount of diorite clasts and becomes thinner from Raichodai Hill toward the northwest. Therefore, the materials of the Raichodai Gravel appear to have been supplied from the western slopes of the Tateyama Main Ridge. The Raichodai Gravel consists of alternations of matrix-supported gravel beds and fine material beds at Raichodai Hill, but of only fine-material beds on the downstream side of Raichodai Hill. Because these depositional structures represent repetition of mass trans port and traction current (Bean and Evans 19988 406-411), the Raichodai Gravel is consid ered to be debris flow deposits. Outbreak of a debris flow needs abrupt occurrence of huge surface flow (Suwa 1992) .
The Raichodai Gravel includes the pumices through the alter nations to more than 50m thick. This suggests that huge surface flows repeatedly occurred and caused the debris flows during the fall of pumices on the western slopes of the Tateyama Main Ridge. A few pumices of Tt-E are found in the uppermost part of the Jodosawa Gravel on the southern side of Saneyama Hill. Because the superglacial materials are transported to the glacier bed through crevasses and holes (Benn and Evans 19980 216-221) , the pumices in the Jodosawa Gravel must have been trans ported from the glacier surfaces. In brief, the glaciers remained on the western slopes of the Tateyama Main Ridge at the beginning of the pumice fall. Therefore, it appears that the pum ice fall melted the glacier ice, producing the debris flows. Thus, the Raichodai Gravel con sists of the sediments of debris flows, which occurred when the glaciers on the western slopes of the Tateyama Main Ridge were force fully melted by the fall of pumices, erupted from the Tateyama Volcano.
The Murodo Gravel
The unstratified Murodo Gravel, which is the upper till of the Murodo Stade, is distributed at the base of Moraine I below the Yamasaki Cir que and in Saneyama Hill. The crudely strati fied Murodo Gravel lies in Raichodai Hill (Fig  ure 2) .
At the base of Moraine I below the Yamasaki Cirque, the Murodo Gravel, more than 3m thick, is exposed at around 2,355m asl between the Raichodai Gravel and the moraine sedi ments of the Yamasaki Cirque (Figure 9 ). This Murodo Gravel consists of compact sediments, comprising dark reddish brown clay and silt, angular clasts (3 to 80cm in diameter) of diorite and granite, and clasts (2 to 7cm in diameter) of the Shomyodaki Pyroclastic Flow Deposits. In Saneyama Hill the Murodo Gravel, 7 to 10 m thick, is exposed at 2,393 to 2,400m asl on the southern side of the hill and at 2,340 to 2,350m asl on the northern side of the hill, dipping gently toward the north (Figure 3) . On the southern side of the hill at around 2,400m asl, the Murodo Gravel unconformably overlies the Raichodai Gravel and unconformably un derlies the moraine sediments of Jodosawa Val ley (Loc. 2 in Figure 5 ). This Murodo Gravel also comprises dark reddish brown clay and silt, angular clasts (3 to 90cm in diameter) of diorite and granite, and clasts (2 to 7cm in diameter) of the Shomyodaki Pyroclastic Flow Deposits. On the northern side of the hill (Loc. 3), a clay band rising northward at 15 to 25 degrees divides the Murodo Gravel into upper and lower layers (Figure 10 ). This band, 10 to 25cm thick, consists of yellowish gray clay with fine diorite clasts. Abraded clasts (20 to 60 cm in diameter) of diorite and granite scatter in the upper layer, but few abraded clasts exist in the lower layer. Notably abraded diorite clasts (50 to 60cm in diameter) are adjacent to the band. Thus, the clay band can be regarded as a shear zone with intensive modification between the deformed upper layer and the undeformed lower layer, suggesting that the upper layer was dragged and deformed beneath sliding gla ciers. Therefore, the Murodo Gravel at the base of Moraine I below the Yamasaki Cirque and at Saneyama Hill is considered to be a subglacial till deposited by the glaciers from the Tateyama Main Ridge.
At Raichodai Hill, the Murodo Gravel con formably lies on the Raichodai Gravel, and un conformably underlies the Mikurigaike Gravel (Figure 4) . The Murodo Gravel is exposed at 2,365 to 2,370m asl on the southeastern side of the hill, at 2,350 to 2,355m asl on the north western side of the hill, and dips gently toward the northwest (Figure 3 ). This Murodo Gravel consists of crudely stratified and clast supported gravel beds, comprising diorite peb bles (2 to 50cm in diameter), silt, and sand ( Figure 11) .
The sand particles are well rounded.
The matrices of these beds exhibit parallel lamination of silt and sand among the pebbles.
The laminae, 1 to 4mm thick, are roughly parallel to the bedding plane. These facies indicate that the Murodo Gravel consists of fluvial deposits. Raichodai Hill is located just on the downstream side of Saneyama Hill occu pied by the subglacial till of the Murodo Gravel. The Murodo Gravel shows continual distribu tion from Saneyama Hill to Raichodai Hill in the longitudinal profiles of landforms ( Figure  3) . Consequently, the Murodo Gravel of Raicho dai Hill is considered as proglacial outwash de posit. Clasts of the Shomyodaki Pyroclastic Flow Deposits are included in the Raichodai Gravel that is exposed at 2,350 to 2,355m asl at the base of Moraine I below the Yamasaki Cirque. Clasts are also included in the Jodosawa Gravel exposed at 2,380 to 2,390m asl on the southern side of Saneyama Hill, appearing to have been transported from above. Therefore, the Sho myodaki Pyroclastic Flow Deposits must have been distributed on the western slopes of the Tateyama Main Ridge at altitudes of more than 2,355m asl. At Raichosawa Valley, the flat surface of the Shomyodaki Pyroclastic Flow Deposits is at 2,340 to 2,350m asl. Thus, the reconstructed former surface of the Shomyo daki Pyroclastic Flow Deposits is a nearly flat plane dipping gently from the Tateyama Main Ridge toward Raichosawa Valley at altitudes of 2,340 to 2,350m asl (Figure 3 ).
Glacial expansion during deposition of the Jo dosawa Gravel
Because the Jodosawa Gravel on the southern side of Saneyama Hill and Raichodai Hill, and below the Murodo-nokkoshi Saddle, includes many clasts of diorite that come from the bed rock of the non-volcanic Tateyama Main Ridge, the glaciers are thought to have advanced from the Tateyama Main Ridge near the saddle. On the Murodo-nokkoshi Saddle, the Jodosawa Gravel includes fine clasts of Shomyodaki Pyro clastic Flow Deposits. These fine clasts were transported upslope by the glaciers from the south side of the saddle.
The height of the Murodo-nokkoshi Saddle was only 10 to 20m above the former flat surface of the Shomyo daki Pyroclastic Flow Deposits. Therefore, it appears that the glaciers extended from the Tateyama Main Ridge onto the flat surface of the Shomyodaki Pyroclastic Flow Deposits, and reached the Murodo-nokkoshi Saddle. A part of the glacier crossed to the north side of the saddle (Figure 3) .
At Raichodai Hill, the top surface of the Sho myodaki Pyroclastic Flow Deposits dips toward the northwest and cuts the subhorizontal bands of the deposits, being covered with the Jo dosawa Gravel.
Therefore, the top surface The Raichodai Gravel, more than 50m thick, is composed of rhythmic alternating beds of gravel and fine material at Raichodai Hill. Be cause no buried soils or noticeably weathered layers exist between these alternating beds, the Raichodai Gravel must have accumulated with out interruption in a short time. At the south ern side of Saneyama Hill, the Jodosawa Gravel includes a few pumices of Tt-E in its uppermost part, showing that the glaciers covered the southern side of Saneyama Hill at the begin ning of the pumice fall. The Jodosawa Gravel is covered with the Raichodai Gravel comprising debris flow deposits, indicating that the snouts of glaciers retreated from Saneyama Hill to the upstream during the fall of pumices (Figure 3) . Therefore, the glacial retreat seems to have been caused by the pumice fall, not by long term climate change. (Figure 3) . Although the superglacial materials are transported to glacier bed through the cre vasses and ice holes (Benn and Evans 1995: 216-221) , no pumice is found in the subglacial Murodo Gravel. The pumices are not found in the proglacial Murodo Gravel either. These facts suggest that no pumice cover existed on the readvancing glacier surfaces.
Just before this glacial readvance, the glaciers were force fully melted by the pumice fall, and temporarily retreated upstream. Therefore, the glacial read vance is considered as restoration in size after the end of the pumice fall.
Timing of the larger glacial expansion
The glacial chronology described above is summarized in Figure 12 . The earlier substade represented by the Jodosawa Gravel, Murodo Stade I, is estimated to be 95 to 70 ka (MIS 5b to 4) on the basis of its stratigraphic relationships with K-Tz (95 to 90 ka) and the Raichodai Gravel (ca. 70 ka). Because the glaciers existed continuously on the western slopes of the Tateyama Main Ridge during the deposition of the Jodosawa Gravel and the Raichodai Gravel, Murodo Stade I extended at least until MIS 4. During Murodo Stade I, the glaciers overflowed from the basin, and extended to at least 2,300m asl within the basin.
The age of the second substade, Murodo Stade II, is defined as 70 to 50 ka (MIS 4 to early MIS 3) based on its stratigraphic relationships with the Raichodai Gravel (ca. 70 ka) and DKP (52 to 50 ka). In Murodo Stade II, the glaciers readvanced to around 2,350m asl in the study area.
Three terminal moraines (I, II, and III in as cending order) of the Yamasaki Cirque were thought to have been formed between 52 and 8.8 ka (early MIS 3 to early MIS 1, Tateyama Stade) on the basis of their stratigraphic rela tionships with DKP (52 to 50 ka) and the peat layer including wood chips (8.8 ka) (Fukai 1975; Machida and Arai 1979; Kobayashi 1990) . Each moraine, however, has not been dated in detail because of lack of numerical data. On the high T. Martinson et al. (1987) . Ages of tephras and wood chips are from Yoshii and Oritani (1987) , Nakamura et al. (1992) , Machida and Arai (1992) , Kimura (1996) , Machida (1999) , and Okuno (2002). mountains of central Japan, the glaciers gener ally advanced in three substages; just before the fall of Aira-Tanzawa tephra (29 cal ka), in the Last Glacial Maximum (LGM, 20 to 18 ka), and in the Late Glacial (11 to 10 ka) during the late stale of the Last Glacial period (Hasegawa 1992; Aoki 2002; Okuno 2002) . Thus, the gla cial advances represented by three moraines of the Yamasaki Cirque are tentatively assigned to these substages in Figure 12 . Top surfaces of the terminal moraines I, II, and III lie at 2,520, 2,600, and 2,705m asl respectively (Fukai 1975) . On the basis of the terminal moraines and their altitudes, the glaciers of the Yamasaki Cirque appear to have advanced at least three times during Tateyama Stade and reached to 2,520, 2,600, and 2,705m asl within the basin. Consequently, the larger glacial expansion of the Last Glacial period occurred during MIS 5b to 4 rather than during MIS 3 on the west side of Mt. Tateyama.
Conclusions
On the west side of Mt. Tateyama, the Hida Range, central Japan, the larger glacial expan sion of the Last Glacial period occurred during MIS 5b to 4 (95 to 70 ka, Murodo Stade I) rather than during MIS 3. In Murodo Stade I, the glaciers extended from the non-volcanic Tateyama Main Ridge onto the flat surface of the Shomyodaki Pyroclastic Flow Deposits, and reached the Murodo-nokkoshi Saddle. A part of the glaciers crossed to the north side of the saddle. The saddle was only 10 to 20m high above the flat surface of the Shomyodaki Pyro clastic Flow Deposits. The glaciers eroded the Shomyodaki Pyroclastic Flow Deposits during this substade, and extended to at least 2,300m asl in the vicinity of Raichodai Hill. The Jo dosawa Gravel, glacial till of this substade, is distributed in Saneyama Hill, Raichodai Hill, and below and on the Murodo-nokkoshi Saddle.
Between Murodo Stades I and II, the glaciers were forcefully melted by the pumice fall erupted from the Tateyama Volcano. It caused debris flows and the temporary retreat of the glaciers. The Raichodai Gravel, rich in pumices, consists of debris flow deposits, and lies be tween the Jodosawa Gravel and the Murodo Gravel.
During Murodo Stade 11 (70 to 50 ka, MIS 4 to early MIS 3), the glaciers readvanced from the Tateyama Main Ridge to around 2,350m asl between Saneyama Hill and Raichodai Hill soon after the pumice fall had finished. The subgla cial Murodo Gravel is distributed in Saneyama Hill, and the proglacial Murodo Gravel is ex posed on Raichodai Hill at around 2,350m asl.
